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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reliable semiconductor 
device that has buried wiring with superior electromigration 
resistance. 

SOLUTION: A contact hole 103 and a recessed groove 104 for 
wiring are formed on an interlayer insulation film 102 being 
deposited on a semiconductor substrate 101, and a TiN/Ti film 105 
being used as a diffusion prevention film is formed on the wall 
surfaces of the contact hole 103 and the recessed groove 104. A 
copper alloy film 106 made of Cu-Sn alloy, Cu-Mg alloy, or Cu~Zr 
alloy is deposited on the TiN/Ti film 105 by the sputtering method, 
and a copper film 107 is deposited on the copper alloy film 106 by 
the CVD method or the plating method. By heat treatment, Sn, Mg, 
or Zr contained in the copper alloy film 106 is diffused into a copper 
film 107 for forming the copper alloy film where the Sn, Mg, or Zr is 
contained in Cu, the copper alloy film is subjected to the CMP 
method, and contact consisting of the copper alloy film where the 
Sn, Mg, or Zr is contained in the Cu and buried wiring are 
simultaneously formed. 
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mmm io2(t3>£#h 1 o sKoienuBKit*; 

31 1 0 4 ZXmistcm. ziy-Si? f-*-;l/ 1 0 
W«il O 4©liH(CK;itF^±(ii^-2>T i N/T 
i)Sl05 ZBtftfrZ. T i N/T i J8 1 0 5 ©±KX 
A » £ffite<fc 13 , Cu-Sn^i Cu-Mg^iXB 
Cu-Z rd&fe&ttSffid&lll 0 6**Slfcg, 
tt&^&ftl 0 8©±KlCVDffiXB>9+ffi{CJ:Dai 

1107 *«ar^„ ^s(c<fc osa^ja 1 o e «cd 

SMSn, MgXttZ r £«Ml 0 7 tc&ift £ tfT C 
uKSn. MeXitZ r^*Snt&Si^gS:« 

uKSn, MgXttZ r^^^nri&Sii^m:^ 
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x>^ y zm$c& *) , mriaH3«fliiasB«:Stf«ria»H«6» 
^(D±(c^H(c b o rcu-sn ^£rc#> 1 o^n 
<t*)tt«5*ffi3M (111) fifc:EALTl>«910&JR 
■KrJBfiST * C i K <fc 0 , BUiaiE^EIgPOSStclulE 

C V DffiXtt-rf * *mt£ o s Mnzm l <D&MML<D±ic 
±m CCM o T C u 6 ft S frXte C u £ 10 
2 ft *)3iB# (111) BteEfil Lro&Sfl 

suiajira3^B©±ccasmurc^Bfjfa»i<D^ 
n tfS* 3 9 ft 4 aab&»Etft* j&ftr 5 

«»i&#E«^ fiSIH i4«ATC^Ct4«lif5 

*»#«*<C«JS*fc 20 

(111) flWcEiftjLn»5*l<D&»i 
«t?BiS-r*Ci«:J:»), HWaEftffllHSIJOfiffiKilffIB 

0 1 (D^II^Mt^^ 1 ©*«JBBKj0Exai . 

cvd^^ v *mc£ *) s mum 1 <D^mm<o±«. 
2<D&m<k*)ti:*)mm& ( 1 1 1 ) BKEiauroasi 30 

2 ©^JB4fr8EE«ffllHBB^aa>a*ti4 <t 9 CCJBflE 

r & * 2 cd^ jr mzf&JM t . 
ffSB*29(*s«K»urj»^a*ff&^TH(rfa0 1 <d& 

fca. s«iajiPj3^fi<D±tcKmLri^H5fami©^ 

«a&&#E«?&Jffiia £ * « A r c> a C £ *«« i T * 
Ci»*3l3 3 ^fl^±*c*8»Shfc»ffllft*WB6c 40 

9 £&cc<£ 0 . frssEiBffiiHieis^dtffrsaifntfitt 

JR<D±K±BK:M-?rCu-Z r^t?*5f lOtl 
<t0tt?)*B3W (111) BteEfill/-co4J&l <D&K 

iMrjBRS-r* c i^Ccfco, miiaiE^miiflSBcDMfficcifria 

2<D£KJ:9fct)«ffi# (111) BteKfibTOSfg 
2 0^K*WffiE«fflIH^»«>ii*ti4J:5ec}BJiJE so 
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-r a m 2 (D^mtmaam t , 

«*«:S*tiri»&Z r*BHa»2 0*IUBI«:J£ttS^ 

tern, mmmm^m^ttcmmur^zmmmioigr 

[00 0 1 ] 

[»W<&«*SJK»#1F] »»ii*Ei»*flr 
[000 2 ] 

[S£*OSfPJ] 0 . 18// mlSfteWOf "J n >ss± 
tCJ&tiLS tilth S I Icte^T**, F^^X^OiSitft 

cc» l -cie^o c r f&mc <fc s ag#iat » ft < ft o 

Alias (tbffiSi3 /u o hm • cm) ^x.T, <fct)fi 
igtnftC uSfi atmH l . 7 */i o h m • c m) 

[000 3 ]$t LSI *mi&TZm*(DffiMittm 
«^(cff3tir««Lr. ^«E«*«Br«LrL/*^x 

[0004] 

0 . 3u m«gS©aiBft^JSEiSr«, xb^FD7 
^^U-S/ 3 >IWtt^ftT5£fg^3nT0^ [y. 1 
garashi et al , VLSI Symp., p. 76, 1936] B ffcoT, 
A 1 fiB»co*i^<bEI8l. ^tWotxu^FDv^ 
^U— > a >ittt^^]±^ if S C tifimt 5 tit OS. 

[0005] fcr, ia^«**£ it. cu-Mg^ 

[T. Tatewaki et al , IEDM. , p. 293, 1395] . Cu- 
Z [Y. Iqarashi et al , VLSI Symp., p. 76, 199 

[0 00 6] LfrLKWh* Cu-Mg^t Cu-Z 
r ^X«C u - S n £r£m<DM^J: V ft «E««, 

[0 0 0 7 ] ffiatc^, *!MHtt. ««*or6i±tx 
U>7 hn ^U-*>3>iBtt<DrfiI±<i:CDMjiSrBISC 
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£fs. 

[0008] 

^nTCi-5wr-cs>s£^^./c,, -e©ss«, ffl^K 

«{c«|fr&ifcl-fc£*i<:. «£&BQttet*j£-*-*fij)jl? 

cc«ifc«£&*E*n#B £ o r mi » a £ . aisms?>' 
iu^hD7-f^u-v3 >Wttcc<gft/t{iff 14©® <, > 

h„ 

[0 00 9]#B©«^©Sfc. ?l«t)»3;RC«SS 20 
^©jaS^K«nfc^^4SSL.5Rif«t£C^08tC^-r 
■^-S p. 692 . 1997) £H.tf5l< 

fc. E8(c^-T!t#tt0tC c fc^£ > Cu-Nb^#, Cu 
-Ag^MO'Cu-Al.Oj^B, g-«©£B-&£© 

&t££jtaiL)t,, t%. m8iCiSi>X, %IACSIJ, 

[0010] J^±©t$ft*>6:5}-#>6 J: C u KIN 

frmm&mm-fzt. ss^Miu^hnv^^u- 30 

©-C&5. 

[0 0 1 1 ] *«K{c«4*3Sfl«K(C«Jft55rffiH:. * 

■r soflaw5>?$xfi£ . iB«ffl[Hg|5©M®tc cu^Ag, 

©^HJH*?UJSRT-S* 1 ©^Mff5^I?Ii . » 1 ©& 
J1K©±^CC uXttC u*^E^fJ-SSB2©^«Jt 9 
ft 2 ©^R&KMU8l!!]tt#sttti>&£ ti 6 J: 5 CcffJ 

tem&fte^-cmi<D&mm< l c-£ : &zti-a,>ZAg. n 

bXttA 1 a 0 3 £» 2 ©#JMJgKffifSEi* •£*£:£ K«fc 
0. CuKAg, NbXtJAUOj^Sn/cSB^ 

[0012] *«W©^fl^KC«JB*ffiKa:4£ % 
JBIBWfi«BI«:»)!£S*ifcfi3l8ffll!aS|J©SliKC u ft A 
g> NbXBA l,0 3 ^WSnrcm l©^JI<tOftS 
Ig 1 ©&«Ht*JfcfiSL;fc8L 1 ©&fiJg©JhicC u 
X(*C u£XJ&#£iT£lil 2 ©£)!<£ 9 ft £Jg 2 ©£ll 50 
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BS*BfiSu *©?£. s^aa*tfft-3-c»i©^s^{c 

^htt^Ag, NbXBA l,0 1 %S2©#JS)g 
Cci£fJt3 CuKAg, NbXfJA 1 .O^if 

*T S ftfc*^£«fc 0 ft 4aaW&*!Btt*JBli5-i-* C £ # 

[0013] iC5t-, CuXttCu ££(&»•£ -r SSI 
&©£JIJ^ W: F?-fx-^> & -2, fc«>. 1I£> 

©SSi£7j&tC«i:££. CuKAg, NbXBAl.O^i 

ZQftm-rzctwczz. Be^fflGflSP©Tffl"JK: 

^{c-TS£. 7 r ^TJU^-7-»i4CcJ:o-cai-^J:0ft 
[0014] *»98©*3»««ac«HJg^te«:*ji,»r . 

* i ©^RM^xfit*. swfflpaw^trwnt&Hn 
©±(c^itci-,ti i (D^mm^mm-rixm^ 

02©^JSJSJf$fiSXSW> »l©^®M©±iC^ffi 
KMot* 2 ©^RfcitWi- a^jA* 

[0015] *mi<D^im&<Dmmj5&ic*i^x. 

JS*^-r-5XS4$*. »2©^RJWgRSXg» v C 
VDffiXtt^v+SKAOWZO^IBJB^itflH-iXS 
&^t?C£3WS?$L.C>. 

[0 0 1 6 ] tC5t, As- to&O. 18 urn 

©tef-^TW. a>3?^ h*-jL-75$0. 25wmg-Cfio 

o. 8Atmgac©aisKft«j > le^tagpcc-ou-ct. 

0. 5<im^S[©ai3*s^i|(CftS£^aH3tlS 0 CO 

!3cL«fc5£T5£. 313*5 1. 3nmitttl*S0. 2 
5Mmff^©?L (T*'** hih^5fIS©?L) tc^£ 
£S«>jMr.&grts&S. £c*>*i, 3Sft©^CCi:S 

C £ »r# **Hia£&©&J»R«J|tS,-r£ C £{fCS ft 
(.». ^ffiCCJ: S£ ffil#^©^JSM?:^f 

Jt>. T^^^ hib©lt5UiBi^ffll!flgPtC^-'\- ? ^^ICJ:0 
&IBB&aat>i&tr C £ «Httr*&. 

[0017] £ c s i ^^mmmmjLWfi^ ? 

&BlfleKfiRXg*«CVDSXtt> f *atc«t 5»2©^ 
HfS?rliaTSX?I5:^0£, I2^fflHg(5©lifflW:C u 
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uXttCu*iJ8E^i-ra»2©^llBJ:0a4»2©* 

[0018] **Wo^ftt6«c«iS*accfc^r . 
JUl cD*BMDU«xatf^^9 Office J: 0^ 1 O^II 
**8W*Xe«:4* 4 *2©^H0U«II*SCVD 

to»^(Ctt % CuicAg, NbXIiAl, O, tfi&ms 
ftfcfi^£CCtt*r . Cu-Sn^, Cu-Mg^# 

[0019] 

<* 1 fcOF\ 

R&^CDm&Jsmc-D^X , HI (a) ~ (c) &£>*0 
2(a), (b) t#JBUtt3W6BWr*. 
[0 0 2 0] *r. SI (a) {C5V*\fc9K: % 

«i o i<D±tcmmztitcmmmmmi o 2tcn>** 2 o 
h *-n, i o 3 ROTasffliattai 1 o 4 «&sr *■ * 

0 3(DS«0. 2 5jumSgit^ e 
[0 0 2 1] 01(b) CC7nT<fc5tc, 

h 1 0 3 Rummismm 1 0 4 ztsttmmim 
mi 0 2cD±cc^ffiicM->r. ^^VftSttu 0 1 t<om 

0 2Rtf*3W*SK 1 0 1 ^©JI»4l»±t«JJIOT 

1 NB<fc9tt4T i N/T ill 0 5 4*gt^ o 
[00221 XIC, Cu-llI%AgJ:^^^i 

F*flHriS^<v*ffiCCj:9. T 1 N/T i 30 
1105 <D±CC 4 0 n mCMBW***- 1 0 6 

#fi<tCt»©T, i^&il 0 6CC<t^r. 0. 25a 

mgs©s©^3to>^^ h^-;n o 3j&mmm 

^r^ili 0 6d**-;^>^uriS5)^6r 
[ 0 0 2 3 ] *Ct?. BUlECD^^- * *ffi©«(cia:i&»a 40 

tt«c«hfccvDttXtt-rf **i6«rifaor 1 hi 

(c) KS*TJ:5K:. K^^ii 0 6<D±«:. ffljUttH 
^£811 0 6<0»1 lfiSW)» 3 (4 8 Onm) Z^TZ 
*Hl0 7**aw-*. cticcif), 3>**h*-;U 

1 0 3 Rtf i»JBBfltt» 1 0 4 tilB^^M 1 0 6 MS 
Kl 0 7fc<fcoT^£lC*«>&*nS. CuCDCVDSS 
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[0024]*«C, 4 0 o°c«acD»AHai*w&^r. 

8I^£]S 1 06(DAg^:Cuil 0 7tCt£»3#SCi 
*C<fc0. ^2 (a) CC^-TJ:^CC V Cu-0. 0 851 

[0 02 5 ] iC5r, i^Il 0 8«Ctt«Ag© 

s«a«coi>rtt, 500 ■GBttoaarF'Cttc u*<d 

A gr QM&m* 1 M%fMJ9tt? & 0, Ag **tifcLbd 

Ktetf S*WfeilO»a[«5 0 0 WTrfti C i 
Si. A gO^tii Ltti 1 il%WTWi Lt». 
[0 026 ] JfciC. T i N/T ill 05 Rtfffl^feB 

i o 8oc»or«*.«CMPa*tfte^r. smttiut 

1 0 2<D_kOCgajLT<,>£T i N/T i« 1 0 5Mi 

G&mi o s^s-rsc^icj:^ 02 (b) tc^-r 
s«>i£#ie»i ioe«t^ a»ii*i3iBa 

1 1 OK&JinfBIMIl 0 2(D±CC^ffiCCMor, ««> 
iA^IB^ 1 1 0 fc*JdW * C u <D±fi^<DW®L*ffi\t-? 

[oo27]ii ®mmmictoi,>xftm t/cc u - 

0. 0 8 5ii%Ag <fc0ftS»^*l 0 8(DS3ieS. 
SStt, iNfimcDll^ H ^Sr^5 2 5 0 o CJ:0t^<r 
4 0 0°Cr^5 (»l3tt\ B^±m^U. pi 22 

3, i98i) 0 Hfeaiaffi^*c^<b(r^citta»a 

[0028] Jfc Cu-0. 0 8 5MM%Ag< : tO^ 
SS^fitl 0 8K:tel>TM\ Ag©«a»5 0ppm 

mm.x$>2>tctb. m^^mi os (omm.&mmkmmt 

IS(ZBI9CD1. 7 u o hm - cmt^ (3. S. Smart et 
al., Trans. AIME, 147(1942) , 48) . g£oT, M^sk 

««>ii*iB«rtt, Z r #s 5 0 p p mSttWISBS n£ <b 
W£iBm&& 2 . 2 /i ohm ■ c mtc±S LT 0 i 
ZriCui^gjSLtCuZr, ft^£fP0 

Cu -Ag«fcO tciiH^IRl 0-8©*3^W*J"C*)S. 
[0 02 9] fiUJUWlfcJ: 0 CC, 1 0 8 D 

[0 03 0] iC^r, ^ftCDS^j-C^, CVDftXtt 

^Sic^fiQCu - Hl%AgJ:0 4Sffl^il 0 6 
*V<m* > &&R<Cfl£&jRl 0 6(D±CCCVDffiX 
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t*jt? MM 1 0 7*g<iSL/A 

ftML/TM^HFdO 6c?)A&^^ISl 0 7tc|£«SH± 
£C<tCCj:*K Cu-O. 0 8 5fiS%A ffJrOScSM 
^Ml 0 8iBmLX^Z a 
[003 1 ]Jt *'<*#ffifc*9*Ml/fcM££M 
1 0 6« ( 1 1 1 ) fflfcErtl-r&ttM*****:*, 
£JBl 0 6±(CCVDtt3UW suffice J: Q*M3ftS 

mm i o 7 T»oiw*«tf r din M^cie^ 
"i > mtmmo^mmi o 7*cvDax«^ 10 

f c clSfl"C*Sfc«6. *?Sfflr*S (111) 

«©sfo*wta:oai^ an o 7cd ( 1 1 i ) m 

^&M1 0 8J:>)tt4«*ii*KMl 10(£Kttl/M< 

[0 032 ]^, mi ©HJ6»«8CC*5lirtt, C u - 1 
II%Ag<J:^^i^Il 0 6<hMMl 0 7 i«r» 
^^cJBaBS-B-C.Cu-O. 0 8 5fiS%AgJ:0 20 
ftSM^M 1 0 8 temSulrltifi* C u - 1 11%A g 
<fcQtt&M££Ml 0 6*««TS«t>»)CC, T i N/ 
T i Ml 0 5 4*SE-rS±M©T i N0CAg4M3 
•£T&j:i> 0 c©«^tcw. MM l 0 7*^^7 Office 
±")JMIStifcT«0«M4C VDifeXU:-^ **&fc:<fc 
D itS 3 ti fc±»CDMM t * 6 MfiS-T £ C 4 tfMJMKE 

[0033] *fc % mmmmm 1 o 2acx*ai*»« 1 

»4RiLLT*$tt«, T i N/T iMl 0 5©±5<ttt 30 
«»JhM*«iUtt<T«>J:c». 

[0034] ttc, mi<D9mBmia6t,>xtt. 

I106ilt, Sf«tCSI|gO/cCu-Ag^4:«^ 
tcf)\ mm^tt£>'J?{&<rj:-oxi>£\,>m&ic^ Cu- 
Sn&i, Cu-Mg^XttCu-Zr^f^ 

[0 0 3 5 ] (02 (DUSiff^) ETF\ *^<D»2© 

Mifcfrftfcoor, H3(a)-(c) KM84 (a) 

-(c) *#jraL&^e>ittBj-r^o 40 

[0036] *r, H3 (a) CC^-TJ:0CC, ¥Vtt3 
^2 0 l(D±K*«Snfc»IHI6»M2 0 2CC3>dr^ 

h*-;V2 0 3ftOTEMfflPfltt«2 0 4 n 
h*~-;V2 0 3<om*0. 25 ummm±-?& 0 

[0 03 7 ] S3 (b) ttTnTJ:^, ^>£^ 

h*-;b2 0 3Z5LOTEMfflBfl«»2O4*Stf»IHlfi« 
JS2 0 2<£LtK3:ffi&cM^T, ^3»*Sfi2 0 1 
#14$:^±S^^>T/iC7)T iMR^Cu©IBIffl*ftMW2 

0 2RV4miHe2 0 1 ^<Dlfc%k£ffi±-? Z>±m<DT 

1 NM<fc9tt&T i N/T iI2 0 5^1ST^ o 50 
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[0 03 8 ] ^CCC. «M<fc 5 h£/Bt>6* 
^'y*ffitCJ:D, T i N/T ii20 5CD±(CTJ1<DSI 
M2 0 6*li«U/ca, CVD£X«^ **fficcj:0. 
B3 (c> fic?S"J\fc9K:, TJl<£>fS)!I 2 0 6 <£>±&c±Jf 
<«BB2 0 7*i«T4. C<D»^ TMOMM2 0 6 
<b±jlC0iliJg2 0 7<hOBii?<bUr«9 2 5 nniit 

[00 3 9] XJ*y £&CC£9 , 04(a) fcjj* 

"TASK. ±HOMM2 0 7©±fC0H*tf7 5nm(DM 

[0040]^ -*^M2 0 8O«fflBMb*ttrC»: 
to, *3K*^/cSrc»H»Et i r4 0 -O'CfiffiiDjfetea 

12 06, 2 0 7&C|£tfc3#*C<hfcJ;*K i4 (b) 
&C7nTJ:5K:, Cu-7. 2il%NbJ:^^iM 

M2 0 9**jatr«. ccDJi-^, Tis»±ioai2 

0 6, 2 0 7©MJ»#*9 2 5 n m, -^^M2 0 8<DJg 
f^7 5nmt$)o-C, Cu©^8. 93, N b CD 
?B£# 8 . 5 6 X*& £ h . #«lfc x ffigoMoSd^cc 
1^, i^!2 0 9^Cu-7. 2fiB%NbJ;»3 

[0 04 1] £C3T\ M^M2 0 9K:fott£Nb<D 
5 0 0°CSKOfiST-CttCu4i(D 

Nb(D@?g|5itio. 4a»%jg£r*9. Nb^nw 
j^w s it £ t n b i&sft t r ^mm^m 209 

[0 042] 3«C % T i N/T i M2 0 5RO'iMI 

2 0 9K:jtitm«cMPffi«T6ot. mmmmm 

2 0 2<7)±6CKfcHLTl>£T i N/T i M2 0 5&£>'|fl 
^M2 0 9*|&3rr£e<hteJ:g, MA ( c ) tC^? 
<fc9lc k M^M2 0 9J:0453>$^h21 0M 
ffitf>i&#K«2 l ttabj&^iEjfi 
2 1 lSCXJl|ffl*B»M2 0 2©±CC^^CM->r, 

ii*ia»2 i i *^"r-5Cu<D±*^©ffi;fSt*i«ih-r 

&g{fcS>';n>M2 1 2^«s-r^o 
[0043] Cu-7. 21f%NbJ:?)J&Si^feI 
2 0 9 (DlS£^(J|ifiiJ; rj fe^pffit^ 2 . 0 u o h 
m • cmigt^l) (K.R.Karasek et al . , J. Appl.Ph 
ys. 52(1991), 1370) 0 Lfai>, m8<D&femttC9ik£ti 
ZxkSlC. Cu-NbBB?h»083»*t<ril/ 

^>o S£oT. ffl^M2 0 9<fc 9&*a»ji*EM2 1 

[0044] m2 commmicte^x satftatttc 



&htcc v D-mnte* «fc *>mm^tc3p.mtj:±m 
<mk2o 7<Dj*tc-*-?m2 o s^mm-rztctb, - 
^-^H2 o 8©m?£A&<-ctr&©-c. ^-^-^20 
8 *ffimrZ>U b «:FIHKT)iRO*±®©»M2 0 6 . 

2 0 7(Ct£t*£t»-SC£*5-C££.> 

C 0 0 4 5 ] ft. »2©£afl&»fc*5lvCtt. TiSO' 
±»CDffl*2 0 6. 2 0 7^#fK-r?,Cu<i:-^yK2 
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